Little is known about the causes of cross-cultural specifics of numerical development. The authors examined effects of inversion (a linguistic effect) on three different numerical tasks in 220 second graders from France, Wallonia, Flanders, Germany, and Austria tested for the standardization of the dyscalculia test TEDI-MATH. Results revealed that performance differences between countries are only partly attributable to language effects, but group differences in recognition of unit-and decade-digits and subtraction are more likely due to curricular effects. As expected, language effects due to the inversion principle could be observed in writing Arabic numbers to dictation affecting performance both specifically as well as in a generalized way being present in different error types. These results clearly show that numerical skills do not develop in a unitary fashion and that cross-cultural differences can be due to several factors.
Introduction
In our modern society, numeracy is becoming even more important than literacy for employment rates and wages (Dowker, 2005) . In all modern societies, having sufficient numeracy means at least mastery of the Arabic number system and basic arithmetic operations. These numerical skills are taught in primary schools of all countries. Yet this does not imply that the A specific irregularity in some number word systems (e.g., German, Dutch and Flemish, Danish, Maltese, Malagasy, Arabic, and partly in Czech and Norwegian; see Comrie, 2005 ) is the so-called inversion principle of two-digit number names (e.g., "drei-und-siebzig," literally "three-and-seventy," for 73). A detailed analysis of Austrian (German speaking) 7-year-old children's transcoding errors (Zuber, Pixner, Moeller, & Nuerk, 2009 ) revealed that nearly 50% of the errors seemed to be related to this inconsistency of the German number word system, namely inversion. Another study (Helmreich et al., this issue) investigated the effect of inversion on first graders' number line estimation-a task that is frequently used to investigate children's number magnitude representation (e.g., Siegler & Opfer, 2003) . In this number line estimation task, children were asked to mark on a horizontal line with the labeled end-points 0 and 100 where a specific number (e.g., 27) should go. Using this task, Helmreich et al. (this issue) compared the estimation accuracy of first graders from Austria (with inversion in the number word system) and Italy (without inversion in the number word system). They found that compared to Italian children, Austrian children were not only less accurate overall (unspecific inversion effect), but they were especially impaired for numbers with a larger distance between unit and decade digit (specific inversion effect). It is worth noting that both the study by Zuber et al. (2009) and by Helmreich et al. (this issue) investigated number processing abilities of first graders who have no formal experience with Arabic numbers larger than 20. Therefore, it is still unclear whether the reported inversion effects are restricted to multi-digit numbers children have not yet formally learned or whether these effects would also hold for older children. Yet it is important to note that the children in the Zuber and the Helmreich studies were generally able to solve different tasks with stimuli from 0 to 100 quite well (Helmreich et al., this issue; Zuber et al., 2009) .
In our study, we address the question of whether specific and/or generalized linguistic (inversion) effects on the processing of Arabic numbers can also be observed in older (second grade) children who have already been formally taught all two-digit numbers.
Objectives of This Study
The standardization of the dyscalculia test TEDI-MATH in three different languages (French, Flemish, and German) and five different regions/countries (France, Wallonia, Flanders, Austria, and Germany) allowed us to avoid the above mentioned difficulties by examining the effects of inversion on several tasks (writing multi-digit Arabic numbers, recognition of unit and decade digits, and subtraction) in large samples of children from multiple schools of five different countries/ regions. With this approach, it is possible to explore whether differences in language properties have a general effect on numerical development or differentially affect specific numerical skills.
If the inversion property for double-digit numbers in German and Flemish (e.g., "dreiundsechzig" or "drieenzestig," literally "three-and-sixty") affects number processing abilities even in children who should already be able to transcode double-digit numbers, we expect an advantage in number processing of children speaking French (without inversion property for doubledigit number; e.g., "soixante-trois," literally sixty-three) over children speaking German or Flemish in tasks using multi-digit numbers. Furthermore, we expect no differences between French and Walloon and no differences between Flemish, Austrian, and German children in the same tasks if the cross-cultural effects are really due to inversion.
We do not explicitly expect an effect of inversion on subtraction of double-digit numbers, yet to our knowledge, this possible transfer of inversion effects on calculation tasks has not been tested so far and is worth investigation.
Furthermore, we expect to better understand the cognitive processes underlying group differences by carrying out item analyses. Different performance patterns for specific item groups may help to differentiate in particular whether only specific effects of inversion (only for double-digit numbers) or also unspecific effects of inversion (also in decade-, teens-, or hundred-numbers) can be found.
Method Participants
Overall, 1,957 children between kindergarten and third grade were tested for the standardization of the three TEDI-MATH versions [French: France and Wallonia (French-speaking part of Belgium), Flemish: Flanders (Flemish-speaking part of Belgium), and German: Germany and Austria].
In general, recruitment of the standardization samples took place in typical primary schools. Austrian children were (apart from a small subsample from Vienna) recruited from the rural area around Innsbruck and had mainly a middle-class socioeconomic background. In Germany and Flanders, the participating schools were spread over the whole country and children came from mixed socioeconomic backgrounds. In those samples, all children were asked to participate in order to represent the whole typical performance range. Children from Wallonia (French-speaking region of Belgium) and France were randomly selected in their respective country, but excluding children one or more years behind the regular grade corresponding to their age, or with intellectual or sensorial disabilities, or behavioral troubles.
In this study, we will focus on the data of 220 children who were tested in the middle of second grade, as this age group showed the highest variability in performance. Results for the other age groups were similar but less pronounced. Furthermore, in the middle of second grade all children are already expected to have mastered transcoding of double-digit numbers, which means that effects of inversion cannot be attributed to incomplete knowledge about the number range up to 100.
Mean age of the 220 children was 91 months (SD = 5), ranging from 83 to 113 months. Sample characteristics of the five different groups can be obtained from Table 1 .
French, Walloon, and Flemish children did not differ in their mean age (all pairwise p > .05, Bonferroni corrected) but were significantly younger than the German as well as the Austrian children (all p < .05, Bonferroni corrected). Therefore, age was used as a covariate in all ANOVAs.
General Procedure and Tasks
All children were assessed individually with the TEDI-MATH (Van Nieuwenhoven, Grégoire, & Noël, 2001 ) in a separate and quiet room in their schools by a trained tester. Written and informed consent was obtained from all parents or caregivers.
The TEDI-MATH is a multi-componential dyscalculia test based on cognitive neuropsychological models of number processing and calculation and has been tested for conceptual accuracy and clinical relevance in previous studies (e.g., Stock, Desoete, & Roeyers, 2009) . Good psychometric properties were demonstrated (Kaufmann et al., 2009) . For this study, we concentrated on three subtests with at least 10 items in the original French version (most subtests have more items in the Flemish and the German version).
In the writing Arabic numbers to dictation task, children were asked to write down 20 different Arabic numbers (three single-digit, nine double-digit, and eight three-digit numbers) that were presented verbally one by one by the tester.
For the recognition of unit and decade digits task, children were presented with Arabic multidigit numbers on a sheet of paper and asked to point to the unit digit or the decade digit, respectively (three double-digit and two three-digit numbers each).
Subtraction was administered by showing the children one calculation problem after the other on a sheet of paper, asking them to solve them mentally as quickly and accurately as possible and to give the correct answer verbally.
All items were scored with 1 for a correct and 0 for an incorrect answer. All tasks were terminated after five consecutive errors. In this case, all other subsequent items were scored as incorrect. For all four tasks, the particular items can be found in Tables 2 through 4 .
Analyses
We conducted a univariate ANOVA with the factor group (French, Walloon, Flemish, German, and Austrian) and the covariate age in months on the number of correctly solved items for each of the four tasks.
To unambiguously test an effect of inversion, we used a family of tests to analyze this specific research hypothesis (see Westermann & Hager, 1986) . We computed a one-way ANOVA to test a complex a priori contrast on means from independent samples (Kohr & Games, 1977) between all children speaking a language with (Flemish, German, and Austrian children) versus all children speaking a language without inversion (French and Walloon children). Furthermore, we conducted a two-sided independent samples t test between the French and the Walloon as well as a univariate ANOVA between the Flemish, German, and Austrian children to analyze whether unexpected differences were found for groups that share a specific language characteristic (inversion yes or no). The specific research hypothesis can only be considered as being fully confirmed if the outcome is significant for the overall one-way ANOVA and not significant for the twosided t test and the specific ANOVA, respectively.
In case of warranted differentiation between specific and unspecific effects of inversion, contingency table tests for each item of a respective task were carried out.
Results

Writing Arabic Numbers to Dictation
The mean number of correctly solved items achieved in the task writing Arabic numbers to dictation by each group (French, Walloon, Flemish, German, and Austrian) can be found in Figure 1a .
A one-way ANOVA revealed a significant main effect of group, F(4, 219) = 4.02, p = .004, but no effect of age, F(4, 219) = 0.03, p = .863, for writing Arabic numbers to dictation.
In the case of a direct effect of inversion on children's performance on this task, French and Walloon children (number word system without inversion) should be significantly better than Flemish, Austrian, and German children (number word systems with inversion), but no significant differences should be found between the groups who share the (non)existence of this linguistic property (see above for analyzing substantive hypotheses by using a family of tests). All To analyze whether this linguistic effect was due to poorer performance of children speaking a language with inversion in the number word system only on items with double-digit numbers (specific inversion effect) or on numbers without decade-unit structure as well (unspecific inversion effect), we carried out contingency table tests on each item (see Table 2 ).
The following items revealed significant group differences with more French and Walloon children than expected and less or as many of the other three groups than expected being correct, therefore showing an inversion effect also at the item level: item "68" (p = .009), "150" (p < .001), "101" (p = .024), "643" (p = .004), "190" (p = .050), and "951" (p = .006).
Recognition of Unit and Decade Digits
The mean number of correctly solved items achieved in the task recognition of unit and decade digits by each group (French, Walloon, Flemish, German, and Austrian) can be obtained from Figure 1b .
A one-way ANOVA revealed a significant main effect of group, F(4, 219) = 25.27, p < .001, but no effect of age, F(4, 219) = 0.62, p = .430, for recognition of unit and decade digits.
We tested for the effect of inversion on recognition of unit and decade digits by conducting the same family of tests as for the task writing Arabic numbers to dictation task (see above). The contrast between the performance of children speaking a language with versus without inversion was significant, t(1, 39.5) = 6.37, p < .001, equal variances not assumed, which is in line with the hypothesis of an inversion effect. Yet the two-sample t test between French and Walloon children, t(1, 26.6) = 4.95, p < .001, (French children better, equal variances assumed), as well as the ANOVA between Flemish, Austrian, and German children, F(2, 149) = 23.73, p < .001, were significant as well, which does not support the notion of a purely linguistic effect for this task. Post hoc tests showed that within the group of children speaking a language with inversion, Flemish children were worse than Austrian and German children (both p < .001, Bonferronicorrected), but Austrian and German children did not differ in their performance (p > .99, Bonferroni-corrected).
To better understand the cause for group differences in this task, we conducted contingency table tests for analyzing specific items.
The counts and expected counts for the five groups, chi 2 test value, and level of significance for each item of recognition of unit and decade digits can be obtained from Table 3 .
The chi-square test was highly significant for all items, indicating group differences in item difficulty (all p < .001). Descriptively, the pattern of results was the same for all items: Many more French children than expected were correct, more German and Austrian children than expected were correct for most items (German children: 10 out of 10; Austrian children: 8 out of 10), and on all items less Walloon as well as Flemish children than expected were correct.
Subtraction
The mean number of correctly solved items achieved by each group (French, Walloon, Flemish, German, and Austrian) in the task subtraction is depicted in Figure 1c .
A one-way ANOVA revealed a significant main effect of group, F(4, 219) = 4.76, p = .001, but no effect of age, F(4, 219) = 0.27, p = .613, for subtraction.
As we did not have any specific hypotheses about group differences on this task, we carried out post hoc tests for group comparisons. They revealed that French children scored lower than children from Austria and Germany (all p < .001, Bonferroni-corrected), but no other significant group differences emerged (all other p > .10). As no known national curricular differences would have led us to expect lower performance of French children in subtraction, we again conducted contingency table tests for all items, as an in-depth evaluation of a potential curricular effect is warranted (see Table 4 for counts and expected counts of the five groups, chi 2 test value, and levels of significance for each item of subtraction).
The following items showed the same pattern, with only the French children being worse than expected and at least as many children as expected being correct in all other groups: "9-5" (p = .003), "5-3" (p = .008), "6-6" (p < .001), and "40-20" (p = .001). There were also two items with a (marginally significant) different pattern of group performance: both "16-4" (p = .058) and "27-6" (p = .053) were correctly solved by less French as well as Walloon children than expected and by at least as many as expected Flemish, German, and Austrian children.
Discussion
In the current study, we found inversion effects on one out of three mathematical skills of second graders by comparing the standardization samples of the dyscalculia test TEDI-MATH (Grégoire, Noël, & Van Nieuwenhoven, 2004; Kaufmann et al., 2009; Van Nieuwenhoven et al., 2001) from France, Wallonia, Flanders, Austria, and Germany.
In summary, the hypothesis of an inversion effect on multi-digit number processing could be clearly confirmed for writing Arabic numbers to dictation but not for recognition of unit and decade digits, both at the task level as well as by detailed item analyses.
Unexpected patterns of group differences were found for the task recognition of unit and decade digits as well as for subtraction. In the following, we will first discuss our more specific research questions concerning inversion effects and then these unexpected performance patterns.
Two recent studies support the notion that the inversion principle of two-digit numbers found in some languages (e.g., naming 23 literally as "three-and-twenty" like in German and Dutch) is an irregularity in a number word system that may impair the development of number processing skills in children (see Helmreich et al., this issue; Zuber et al., 2009 ). Yet both these studies investigated the number processing skills of first graders who were not yet formally taught double-digit Arabic numbers above 20. Therefore, it was not clear whether the reported inversion effect could also be found in older children who were already formally taught the Arabic number system up to 100. Our results unambiguously showed that French-speaking children were significantly better in writing multi-digit numbers than children whose mother tongue features the inversion principle for two-digit number names, even at an age when children are already exp ected to master two-digit Arabic numbers according to the curriculum.
Furthermore, specific as well as unspecific effects of inversion on writing multi-digit numbers have been found: The group differences for the items "68," "643," and "951" can be easily explained by a specific inversion effect on the processing of double-digit numbers, whereas the significant differences for the items "150," "101," and "190" suggest that the inversion property of a number word system may also exert an unspecific negative influence on the transcoding of multi-digit numbers.
This finding seems to be in line with the studies by Helmreich et al. (this issue) and by Zuber et al. (2009) , who found both specific and unspecific effects of inversion on the number processing abilities of Austrian first graders. The latter study interpreted part of Austrian first grader's transcoding errors for three-digit numbers to be an overgeneralization of the inversion principlethat is, "write the first spoken digit on the rightmost position" (e.g., writing the dictated number "400" as "104"). Interestingly, our cross-cultural comparisons cannot confirm this particular interpretation of the error analyses by Zuber et al. (2009) , as the nonsignificant group differences for the hundreds-numbers "200" and "700" in our study are not in line with an effect of inversion on this type of number. The outcomes of the item analyses for these two items are not only not significant (p = .159 and p = .119, respectively), but the descriptive disparities between counts and expected counts clearly do not follow a pattern as predicted by an effect of inversion: Walloon children score lower and German and Austrian children higher than expected on "200," and Austrian children higher than expected on "700." Furthermore, an overgeneralization of the inversion principle for three-digit numbers would not explain why an effect of inversion was also found for our item "101."
Hence, we propose that this error type as proposed by Zuber et al. (2009) might be due to a general and language-independent inappropriate application of the multiplicative principle of multi-digit Arabic numbers (see ADAPT model by Barrouillet, Camos, Perruchet, & Seron, 2004) and not due to the inversion principle in the German and Flemish number word systems. Alternatively, we assume that this irregularity in a number word system constitutes a general obstacle for understanding the regularity of the base 10 notational system (or place-value system) of Arabic numbers, and not only one more syntactical rule children have to acquire during the development of transcoding (but see Barrouillet et al., 2004 , for a different view). This interpretation is in line with both the study by Helmreich et al. (this issue) , who found an inversion effect on the number line estimation task thought to picture children's number magnitude representation, and with cross-cultural comparisons between Asian and English speaking children, which consistently show better general place-value understanding in the first group, namely the children speaking the language with the more transparent and regular number word system (for an overview, see Geary et al., 1996) . Yet another possible explanation accounting for both our results and the overgeneralization of the inversion rule as reported by Zuber et al. (2009) would be that the children in our study were half a year older than the ones tested by Zuber et al.. Therefore, it may be possible that an overgeneralization of the inversion rule for transcoding three-digit numbers can only be found at a very specific time window, namely during first grade.
Surprisingly, we found a positive (i.e., error-reducing) effect of inversion on two items of subtraction, namely "16-4" and "27-6." These two items have in common that a single-digit number has to be subtracted from a two-digit number. Therefore, we speculate that naming the unit digit first in the minuend may enhance attention to the digit from which the second number should be subtracted, at least during a short time window in children's numerical development. This may be interpreted as a positive effect of the inversion principle [omit in a number word system] for learning how to subtract.
Concerning the unexpected performance pattern we found for the task recognition of unit and decade digits, the group differences cannot be clearly interpreted as being indicative of an inversion effect. We did not find the expected advantage of all French-speaking children over the others, as Walloon children scored not only lower than expected but even worse than German and Austrian children. If inversion would impair performance on this task, we would expect Walloon children to be better than German-speaking children. Furthermore, teen numbers and simple decade numbers were also affected by the group factor, which is not expected if performance is influenced by inversion.
Alternatively, these results may suggest differences in the focus of math curricula in the different countries, with the strongest emphasis on understanding the value of digits in multi-digit numbers in France, followed by Germany and Austria, and the lowest in Belgium (Wallonia and Flanders). To the best of our knowledge, national math curricula have largely comparable study aims. Thus, we can only speculate about this issue. Yet two other findings of our study support this interpretation: First, French children are the best in the other task requiring multi-digit number processing, namely writing Arabic numbers to dictation. Second, French children are the worst in subtraction. A possible explanation unifying both findings is that in France math curricula for first and second graders set priorities more on multi-digit number processing and less on calculation compared to Belgium, Austria, and Germany.
The presumably curricular effect on the task recognition of unit and decade digits does not explain why inversion should be less important for this task compared to writing multi-digit numbers to dictation. One possible explanation may be that our task used to assess recognition of unit and decade digits does not require the processing of number words and is therefore not affected by irregularities of a number word system. Another possibility may be that inversion negatively affects understanding of the regularity of the base 10 notational system of Arabic numbers (see above) and that this understanding is more important for writing Arabic numbers than for recognizing unit and decade digits for two reasons: On the one hand, children have to actively produce multi-digit numbers in the first task, which can only be done correctly with an adequate base 10 understanding. On the other hand, correctly pointing to the unit or the decade digit may be possible by applying just two simple explicit rules like "the unit digit is always the rightmost one" or "the decade digit is always the second rightmost one" without really understanding the base 10 system of Arabic numbers, which defines what the unit and the decade digits mean. Differential effects of inversion on these two tasks may thus be due to task requirements.
Conclusion
In general, the results of our study show that numerical skills do not develop in a unitary fashion. Rather, individual performance on specific mathematical skills can be differentially influenced by linguistic properties of the number word system. This means that for a promising investigation of cross-cultural differences in mathematical development, it seems fruitful to study the performance patterns of children from multiple countries, as it is very likely that cultural factors are confounded if only two countries are compared. For example, if we would have examined only German and French children, we would have misinterpreted all group differences as linguistic effects on numerical achievement of these two groups, which could be ruled out by specific item analyses. Furthermore, our results showed that two tasks tapping multi-digit number processing (recognition of unit and decade digits and writing of Arabic numbers to dictation) were differentially affected by the existence of the inversion property in the respective number word systems. This calls for a multi-task approach in cross-cultural comparisons-in many instances, only one or very few tasks have been used so far. Our results show that cross-cultural differences in one task are not readily transferable to another task. What is more, sometimes even such a between-task approach may be too unspecific; rather, item effects within tasks have to be investigated. In some cases in our study, the effects of interest only came out clearly for subsets of items and not at the task level. In our view, this conspicuously shows that a profound understanding of processes underlying the development of numerical skills is only possible with the use of differentiated measures.
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